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COMBINATIONAL LOGIC FEEDBACK
CIRCUIT TO ENSURE CORRECT POWER-
ON-RESET OF A FOUR-BIT SYNCHRONOUS
SHIFT REGISTER

BACKGROUND OF THE INVENTION

1. Technical Field

This invention relates generally to integrated circuits, and,
more particularly, to a circuit for an integrated circuit
memory to provide a power-on-reset function, as well as to
provide the function of determining whether a plurality of
page select signals for selecting a page of memory define a
valid state.

2. Discussion of the Related Art

It 1s known to segregate the storage portion of integrated
circuit memories 1nto two or more so-called pages. For such
memories, page select signals may be generated for storage
and retrieval operations to the various memory pages. It 1s
important to ensure that only one memory page 1s enabled
during power-up, and during normal operations. In addition,
access to such a memory may be made synchronously 1n a
so-called burst mode. Commonly, such a memory may be a
static random access memory (SRAM).

One approach for memory page access to implement the
burst mode 1s to use a burst counter in combination with a
postdecoder circuit to generate the above-mentioned page
select signals. The generated page select signals are then
applied to the memory array to access the selected page.
However, such an approach may not perform fast enough
under certain circumstances to meet state-of-the-art perfor-
mance standards. Another approach taken 1n the art has been
to use a combination of a decoder circuit, and a synchronous
shift register. However, such a configuration may generate
an 1nvalid output under certain circumstances, for example
during power-up. It is known, then, to use a global (i.e., one
used for the entire integrated circuit) power-on-reset (POR)
circuit to ensure that the shift register outputs a valid state
(i.c., only one memory page sclected at a time). However,
there 1s no guarantee that a global power-on-reset circuit will
always produce a reset pulse at power-up. This may result 1n
the shift register powering up 1n an invalid state—an unde-
sirable situation. Moreover, a global power-on-reset circuit
1s generally designed to generate a reset pulse on power-up
only. Should the shift register somehow output an 1nvalid
state after power-up, 1t will not be reset to a valid state by the
global power-on-reset circuit.

Accordingly, there 1s a need to provide an improved
memory page select mechanism for use 1n an integrated
circuit that minimizes or eliminates one or more of the
problems as set forth above.

SUMMARY OF THE INVENTION

It 1s an object of the present mvention to provide an
integrated circuit having a memory with plurality of memory
pages wherein only one memory page 1s enabled at a time.
Specifically, 1t 1s a further object of the present invention to
ensure that only one memory page 1s enabled during power-
up of the device, and, during normal operations. It 1s yet a
further object of the present 1nvention to provide an inte-

orated circuit memory that meets state-of-the-art perfor-
mance standards.

To achieve these and other objects, and 1n accordance
with the present invention, an integrated circuit having a
memory 1s provided that includes a page enable circuit, and
a reset signal generating means. The page enable circuit 1s
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configured to generate a plurality of page select signals to
enable a selected one of a plurality of pages of the memory.
The reset signal generating means 1s configured to generate
a reset signal when the page select signals (preferably,
collectively) define an invalid state. The reset signal 1s then
fed back to the page enable circuit, which 1s further config-
ured to “reset” 1in response to the reset signal. When “reset”,
the page select signals are generated 1n a valid state. The
invention employs feedback based on the page select signals
to ensure that the page enable circuit outputs a valid state
(i.., in a preferred embodiment, a state which enables only
a selected one of the memory pages at a time). The invention
1s effective both during power-up of the integrated circuit, as
well as during normal operation thereafter.

In a preferred embodiment, the page enable circuit
includes a synchronous shift register which generates the
page select signals in accordance with a clock signal (i.e.,
synchronously). One advantage is that the method/system
for performing the Power-On-Reset according to the inven-
fion requires no static power consumption.

Other objects, features, and advantages of the present
invention will become apparent to one skilled 1n the art from
the following detailed description and accompanying draw-
ings 1llustrating features of this invention by way of
example, but not by way of limitation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified block diagram view of an integrated
circuit 1n accordance with the present mvention.

FIG. 2 1s a simplified schematic diagram view, showing in
oreater detail, one embodiment of a combinational circuit
shown 1n FIG. 1 1 block diagram form.

FIG. 3 1s a simplified schematic and block diagram view
showing, 1n greater detail, a deglitch circuit shown 1n FIG.
1 1in block diagram form.

FIG. 4 1s a simplified schematic diagram view illustrating,
in greater detail, the deglitch circuit shown in FIG. 3.

FIG. § 1s a simplified schematic diagram view showing
onc embodiment of the delay block shown 1n FIG. 4.

FIGS. 6 A—6E are timing diagrams showing waveforms in
accordance with the operation of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the drawings wherein like reference
numerals are used to i1dentify i1dentical components 1n the
various views, FIG. 1 shows an mtegrated circuit, such as a
static random access memory (SRAM) 10, in accordance
with the present invention. In a constructed embodiment,
integrated circuit 10 may be a 2 Megabit (64kx32-bit)
synchronous pipelined cache SRAM device of the type in
which the memory 1s segregated 1nto four pages of 16kx32-
bit capacity each. Integrated circuit 10 may include a
memory array and access logic block 12, a decoder 14, a
page select circuit 16, and means or circuit 18 for generating,
a reset signal, designated RESETB 1n the figures.

Memory array and access logic 12 includes (1) a memory
array, which may be arranged 1n 32-bit words 1n multiple
pages, and (i1) an access logic block. The memory array is
provided for storage and retrieval of data, as 1s well-known.
The access logic block may be responsive to a plurality of
page select signals PAGEQ, PAGE1L, PAGE2, and PAGE3 for
enabling a selected one of the memory pages of the memory
array for such data storage and retrieval operations thereto.
For purposes of this invention, memory array and access
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logic block 12 may comprise conventional and well-known
structures, and will therefore not be described in further
detail.

Decoder 14 provides a conventional decoding function.
That 18, 1 the illustrated embodiment, decoder 14 receives
two (2) digital input signals, namely Z0 and Z1, and asserts,
in response thereto, one of four output lines. The signal on
cach output line 1s associated, with a respective page of
memory. Decoder 14 may comprise conventional decoding
structures well-known to those of ordinary skill in the art.

Page select circuit 16 1s configured to generate a plurality
of page select signals, designated PAGEQ, PAGE1L, PAGE2,
and PAGEJ, to enable a selected one of the plurality of pages
of memory 12. Circuit 16 also generates the complement of
the page select signals, namely, PAGEQ, PAGE1, PAGE2,
and PAGE3. Preferably, page select circuit 16 comprises a
synchronous shift register 20 that includes individual regis-
ters 20,, 20,, 20,, and 20,. The synchronous shift register 1s
configured to receive a clock signal in accordance with
which respective input signals (from decoder 14) are trans-
ferred to respective output signals on output lines thereof.
These output signals define the page select signals (PAGEDOQ,
PAGE1, PAGE2, and PAGE3). In addition, synchronous
shift register 20 1s further configured to receive a reset
signal, designated RESETB, from reset signal generating
means 18 and, 1n response thereto, generate the page select
signals 1n a valid state. For purposes of the present invention,
and 1n the context of the particular memory array 12 used 1n
integrated circuit 10, a valid state may be a state 1n which
only one of the pages of memory are enabled at a time. In
a constructed embodiment, therefore, valid states for the
output of shift register 20 are predefined as follows:
'PAGE3, PAGE2, PAGE1l, PAGEO]=[1,0,0,0], [0,1,0,0],
10,0,1,0], [0,0,0,1]. All other output combinations of syn-
chronous shift register 20 may be considered to define an
mvalid state, 1n the constructed embodiment.

It should be understood that decoder 14 may be provided
with signals Z0, Z1 1n advance of the t1 me that the clock
signal causes shift register 20 to capture the data on its
respective input lines. That 1s, the decoding function, 1n the
preferred embodiment can be done before the decoded
output 1s needed, so that when the clock signal comes, the
page select signals are already decoded and available. This
aspect permits a faster clock-to-select time. In contrast, with
the counter/postdecoder configuration mentioned 1n the
Background, the decoding function occurs with every clock
signal (i.e., the counter must be incremented using the clock
signal [ delayl], and then the counter output is decoded using
the decoder [delay2]). This counter/post decoder configura-
tion may be slower than the configuration (decoder/shift
register) employed in the preferred embodiment.

In one embodiment having four pages of memory, the
approach according to the invention (i.e., a combination
decoder/burst shift register) exhibited, under simulation, an
improved page select time compared to the approach
employing a burst counter/postdecoder combination. In
addition, a preferred embodiment according to the invention
may 1mplemented using 20% less semiconductor die area
than an embodiment employing a counter/decoder combi-
nation.

Means or circuit 18 1s configured to generate a reset

signal, designated RESETB, when the page select signals,
namely PAGEO, PAGE1l, PAGE2 and PAGEJ3, define an

imnvalid state. In a constructed embodiment, the invalid state
1s one of the plurality of states other than the valid states set
forth above. Moreover, in a preferred embodiment, the
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complement of the page select signals are processed. In a
preferred embodiment, reset signal generating means 18
may 1nclude a combinational circuit 22, and a deglitch
circuit 24.

Combinational circuit 22 may be configured to assert an
invalidity signal when the page select signals define an
invalid state. Deglitch circuit 24 may be configured to 1nhibat
or suppress asserted conditions of the invalidity signal that
are not indicative of an invalid state (i.e., “false reset
signals”) to generate the reset signal RESETB. For example,
due to the state transitions of the page select signals,
momentary “glitches” or “false reset signals” may be output
from combinational circuit 22. Deglitch circuit 24 inhibits or
suppresses such false reset signals, particularly those of a
type that have a pulsewidth up to and including a predeter-
mined pulsewidth. The rationale 1s that the “glitches™ which
arise from state transitions and/or unequal propagation paths
will be of relatively short duration, while a true invalid
condition (as defined by the page select signals) may persist
for a longer period of time than the predetermined pulse-
width. Accordingly, since deglitch circuit 24 inhibits “false
reset signals,” 1t outputs a true reset signal 1ndicative of an
invalid state, as defined by the page select signals output
from synchronous shift register 20. In addition, use of
deglitch circuit 24 1n circuit 18 removes the requirement that
the propagation delay of every path through combinational
circuit 22 be equalized. This results in a simpler and smaller
design for circuit 22.

FIG. 2 shows one embodiment of combinational circuit
22. Circuit 22 may include a first exclusive OR gate 26, a
second exclusive OR gate 28, a first NAND gate 30, a
seccond NAND gate 32, and a third NAND gate 34. The
complement of page select signals PAGEQ, PAGE1, PAGE2,
and PAGEJ3, 1in a constructed embodiment, are applied to
cgates 26, 28, 30, and 32 to generate an invalidity signal 36.
The 1nvalidity signal 36 1s, 1n one embodiment, a logic high
when the page select signals define a valid state. When the
plurality of page select signals assume an 1invalid state, even
momentarily, then the invalidity signal will, 1n the 1llustrated
embodiment, transition to a logic low state. It should be
appreciated that the circuit illustrated 1 FIG. 2 1s but one
realization operative to generate an invalidity signal 36
when the page select signals collectively define an invalid
state. In the general case, combinational circuit 22 may be
any logic circuit which performs the function defined as
follows:

IF the mput to such a combinational circuit=a predefined
valid state, THEN output a first signal, ELSE output a
second signal wherein the first signal 1s distinguishable from
the second signal.

For a circuit having N-output latches, for example, such
as synchronous shift register 20, the number of possible
output states equals 2%. The number of valid states, K,
should be less than the total number of possible output
states, namely, K<2".

FIG. 3 shows a simplified schematic and block diagram
view of deglitch circuit 24, may which include a delay
circuit 38, a NOR gate 40, and an inverter 42.

The delay circuit 38 1s configured to receive the mvalidity
signal 36, and generate (in response thereto) a delayed
version of the mvalidity signal, designated 36,,,,,,.,. NOR
cgate 40 1s configured to receive the invalidity signal 36, and
the delayed version of the invalidity signal 36,,.,,,., and
generate an output, which 1s provided to inverter gate 42.
Inverter gate 42 then inverts its input to generate the reset
signal, designated RESETB, on an output terminal thereof.
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Delay circuit 38 1s specifically configured to delay invalidity
signal 36 by an amount equal to To. This action results 1n a
situation where the delayed version of invalidity signal
36,.10peq 18 Offset relative to the mvalidity signal 36 by a
predetermined time interval, namely T9o. The predetermined
fime 1nterval To 1s substantially equal to the longest pulse-
width “glitch” that can be inhibited or suppressed by the
deglitch circuit 24. Selection of the predetermined time
interval T depends on several factors including (1) the time
interval that it takes for any one of the page select signals to
fransition from a first state to a second state or vice-versa
(i.e., the “edge rate” of any one of the page select signals),
and (1) the respective propagation delays of the various
paths through combinational circuit 22 (as well as the
respective differences 1n propagation delay between any two
paths in circuit 22).

FIG. 4 shows a simplified schematic diagram of deglitch
circuit 24, showing delay circuit 38 1n greater detail. Delay
circuit 38 may include an even number of 1nverting buifers
44, 44, . . . , 44, as well as a plurality of capacitors,
designated C. An even number of inverting bufiers 44
maintains the logical sense of the invalidity signal 36 (i.c.,
a logic high mvalidity signal 36 will be maintained as a logic
high 36,,.,,., and a logic low nvalidity signal 36 will be
maintained as a logic low 36,,,,,..,). The capacitors C, which
are coupled to the output terminal of each inverting bulifer,
are provided to delay the output transition time of each
inverting buffer 44, (by providing, in effect, a load which
must be charged and discharged for a change 1n state to
occur). As illustrated in FIG. 4, each inverting buffer has, on
its output, one capacitor coupled to ground, and another
capacitor coupled to the positive power supply.

FIG. § shows delay circuit 38, shown 1in FIG. 3 1n block
diagram form, 1n even greater detail. In particular, the
capacitors C coupled to each iverting buffer output may be
formed using PMOS transistors P,—P,,, and NMOS transis-
tors N,—N,, respectively configured as capacitors (e.g., the
cgate terminal configured as a first capacitor terminal, the
drain and source terminals being connected together to
define a second capacitor terminal wherein the gate oxide
forms the capacitor dielectric).

FIGS. 6 A—6E arc timing diagrams showing the operation
of the present invention. FIGS. 6 A, and 6B show exemplary
wavelorms for the page select signals designated PAGEI,

and PAGE2 (see FIG. 1). Note page select signals PAGEQ,
and PAGE3 (not illustrated) are defined as LOW (logic 0) in
the timing diagram. As shown in FIG. 6C, a “glitch” (i.¢., an
asserted condition of invalidity signal 36 that 1s NOT
indicative of an invalid state) is generated at the output of
combinational circuit 22. This 1s due, 1in the 1llustration, to
state transitions during interval 46 of the page select signals,
PAGE1, and PAGE2. Note that the relative levels of the page
select signals PAGE1, and PAGE2, during transition interval
48, are such as to result in a “glitch”. Unless inhibited or
otherwise suppressed, the “glitch™ 50 1llustrated in FIG. 6C
would reset the synchronous shift register 20—swhich 1s
undesirable under these circumstances.

FIG. 6D shows glitch 50 illustrated i FIG. 6C, delayed
by a predetermined amount T9.

FIG. 6E shows the output of inverter 42. In order for the
reset signal RESETB to be driven low (an asserted
condition), both inputs to NOR gate 40 must be low. This

condition will not be satisfied for glitches having a pulse-
width less than T9o. Therefore, as shown 1 FIG. 6E, glitch
50 is effectively filtered out (suppressed or inhibited).
However, as shown for interval 52, both page select signals
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PAGE]1, and PAGE2 assume active high states (i.e., collec-
tively defining an 1nvalid state 1n a constructed
embodiment). This condition persists for greater than a Td
time 1nterval—thus 1t will not be suppressed or inhibited by
deglitch circuit 24. Therefore, as shown 1n FIG. 6E, the reset

signal RESETB will be taken low, which 1s an active state
in the 1llustrative embodiment.

An 1ntegrated circuit 1n accordance with the present
invention provides state-of-the-art performance levels in
ogenerating needed page select signals. The invention also
performs a power-on-reset function in the preferred
embodiment, and provides the function of monitoring for
invalid states during normal operation. In either case, the
invention is operative to “reset” the page enable circuit (e.g.,
the synchronous shift register in the preferred embodiment)
should an 1nvalid state be detected. Once “reset,” the page
enable circuit outputs a valid state.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it 1s well understood by those skilled 1n the art that
various changes and modifications can be made in the
invention without departing from the spirit and scope
thereof. For example, combinational circuit 22, and deglitch
circuit 24 may be replaced by synchronous logic or an
alternative type of logic to fully complementary CMOS. In
addition, the method and apparatus of performing the power-
on-reset function can be applied to any synchronous circuit
and/or circuit designed using output latches which have a
number of predefined valid output states which are less than
the total number of possible output states.

I claim:

1. An 1ntegrated circuit having a memory, said integrated
circuit comprising:

a page enable circuit configured to generate a plurality of
page select signals to enable a selected one of a
plurality of pages of said memory;

a combinational circuit configured to assert an invalidity
signal when said page select signals define said invalid
state;

a deglitch circuit configured to mhibit asserted conditions
of said mvalidity signal that are not indicative of said
invalid state to generate a reset signal; and

said page enable circuit being further configured to gen-
erate said page select signals 1n a valid state 1n response
to said reset signal.

2. The integrated circuit of claim 1 wherein said page
enable circuit 1s further configured to generate said page
select signals 1n accordance with a clock signal.

3. The integrated circuit of claim 2 wherein said page
enable circuit includes a synchronous shift register.

4. The integrated circuit of claim 1 wherein said asserted
conditions of said invalidity signal not indicative of said
invalid state occur due to transitions of said page select
signals.

5. The 1ntegrated circuit of claim 1 wherein said deglitch
circuit includes:

a delay circuit configured to receive said 1mnvalidity signal
and to generate a delayed version of said imvalidity
signal 1n response thereto;

a NOR gate configured to receive said invalidity signal
and said delayed version of said invalidity signal and
generate said reset signal 1n response thereto.

6. The integrated circuit of claim 5 wherein said delayed
version of said invalidity signal 1s offset relative to said
invalidity signal by a predetermined time interval, said
predetermined time interval being substantially equal to the
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longest pulsewidth of an asserted condition of said invalidity
signal that can be inhibited by said deglitch circuit.

7. The integrated circuit of claim 1 further comprising a

decoder.

8. An 1ntegrated circuit having a memory, said integrated

circuit comprising:

a page enable circuit configured to generate a plurality of
page select signals to enable a selected one of a
plurality of pages of said memory;

a combinational circuit configured to assert an mnvalidity
signal when said page select signals define an invalid
state;

a deglitch circuit configured to inhibit asserted conditions
of said mvalidity signal that are not indicative of said
invalid state to generate a reset signal,

said page enable circuit being further configured to gen-
crate said page select signals 1n a valid state 1n response
to said reset signal.

9. The integrated circuit of claim 8 wherein said page

enable circuit includes a synchronous shift register config-
ured to generate said page select signals 1n accordance with
a clock signal.

10. The mtegrated circuit of claim 9 wherein said deglitch

circult includes:

a delay circuit configured to receive said mvalidity signal
and to generate a delayed version of said invalidity
signal 1n response thereto;

3

a NOR gate configured to receive said invalidity signal
and said delayed version of said invalidity signal and
generate said reset signal 1n response thereto.

11. A method of operating an integrated circuit including
a memory having a plurality of pages, said method com-
prising the steps of:

5

(A) generating a plurality of page select signals to enable

a selected one of a plurality of pages of said memory;

0 (B) asserting an invalidity signal when said page select

signals define said invalid state;

(C) inhibiting asserted conditions of said invalidity signal
that are not indicative of said invalid state to generate
15 a reset signal;

(D) modifying said plurality of page select signals to
define a valid state 1n response to said reset signal.

12. The method of claim 11 further including the step of
20 generating said plurality of page select signals 1n accordance
with a clock signal.

13. The method of claim 11 wherein step (D) includes the
substep of:

»s  resetting a shift register whose output defines the page
select signals 1n response to the reset signal.
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